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Abstract
An off-shell, manifestly (8, 0) worldsheet supersymmetric, formu-
lation of a multiplet describing physical chiral fermions is given. The
multiplet can be used to complete the doubly supersymmetric (twistor-
like) action for the heterotic string.
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There has been a considerable amount of interest recently in reformulat-
ing the actions for supersymmetric extended objects with both world-surface
and spacetime supersymmetry. This has followed on from the initial obser-
vation of Sorokin et al [1, 2] that the Brink-Schwarz [3] superparticles in
three and four dimensional spacetimes admit such a reformulation with local
worldline supersymmetry replacing the fermionic κ-symmmetry [4] of the BS
version. A number of authors have contributed to the development of this
point of view, first to superparticles in higher dimensional spacetimes, and
then to heterotic strings, membranes and higher-dimensional extended ob-
jects [6, 7, 8, 9, 11, 12, 10, 13, 5, 28, 14, ?]. In addition, this new approach
has much in common with various twistor-like formulations of superparticles
and extended supersymmetric objects[18, 19, 22, 24, 25, 26]. One of the
most interesting objects to study is undoubtedly the heterotic string in ten-
dimensional spacetime. Up until now, a doubly supersymmetric formulation
has been given for the geometrical (supergravity background) sector of the
theory [16, 17] and an action proposed for the fermionic (Yang-Mills back-
ground) sector [15]. However, this latter action appears to be not completely
satisfactory as the authors of [15] have themselves pointed out. It is the
purpose of this letter to propose a replacement for this action which istself
has some drawbacks as we shall see.
The multiplet in question is in fact known, and has appeared in the liter-
ature in different guises, for example, see [20, 23, 27]. It is an 8+8 component
multiplet which in the current context consists of 8 physical two-dimensional
chiral fermions together with 8 auxiliary boson (scalar) fields. It is straight-
forward to write down the action in components in a flat background, and
a coupling of a similar multiplet to two-dimensional supergravity (in com-
ponents) has also been constructed [20]. However, this latter model has
physical bosons and chiral fermions (still 8+8 off-shell) and so cannot be
taken over directly for the present purposes. In addition, the spirit of doubly
supersymmetric formulations requires that the multiplet be written down in
a manifestly supersymmetric fashion, i.e. in superfields. In the rest of the pa-
per we carry this out, starting with the basic multiplet in flat superspace. We
then briefly review (8,0) supergeometry and adapt the multiplet to a curved
background. The action we obtain is manifestly locally (8,0) supersymmetric
and is in addition super-Weyl invariant, although the latter property has to
be established by hand. Finally we comment on the multiplet in the string
context where the local worldsheet supersymmetry appears to force restric-
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tions on the Yang-Mills gauge group of the spacetime background.
Flat (8,0) superspace is the (2|8)-dimensional (two even and eight odd)
supermanifold R2|8 with standard coordinates (x++, x−−, θα+) where the
signs indicate the Lorentz transformation properties of the quantities con-
cerned. The index α indicates the eight-dimensional spinor representation of
SO(8). The supercovariant derivative Dα+ satisfies
{Dα+, Dβ+} = 2i∂++ (1)
where ∂++ =
∂
∂x++
and similarly for minuses. The multiplet of interest is a
fermionic superfield ψi− which satisfies the constraint
Dα+ψi− = (γi)αα˙Pα˙ (2)
where Pα˙ is a bosonic superfield. The index i(= 1, . . . 8) indicates the vector
representation of SO(8) and α˙ the dotted spinor representation (so that all
three types of index, α, α˙, i, run from 1 to 8). Differentiating the above
constraint and using the commutation relations satisfied by the D’s one finds
Dα+Pα˙ = i(γi)αα˙∂++ψi− (3)
Further differentiation reveals that all the components of the superfield ψi−
are expressible in terms of the components ψi−|, Pα˙| and spacetime (∂++)
derivatives of them, the vertical bars denoting evaluation of a superfield at
θ = 0. Hence the above constraint defines an off-shell multiplet with 8+8
components. The equation of motion is simply
Pα˙ = 0 (4)
which immediately implies that ∂++ψi− = 0. The component action which
gives these equations is obviously the sum of the standard kinetic term for the
chiral fermions together with an auxiliary term of the form P 2. However, in
order to construct a superspace action it is necessary to solve the constraint
(2). The solution is
ψi− = ∆iα˙(+7)Vα˙(−8) (5)
where Vα˙(−8) is the prepotential and
∆iα˙(+7) = (γi)αα˙(D˜α(+7) + iDα(∂++)
3)
−
i
6
(γj)
αα˙(γij)
βγ(D˜αβγ(+5)∂++ + iDαβγ(+3)(∂++)
2) (6)
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The multiple derivatives are defined by
Dα1...αn(+n) = D[α1+ . . . Dαn]+
D˜α1...αm(+n) =
1
n!
ǫα1...αmβ1...βnDβ1...βn(+n) (7)
where the square brackets denote antisymmetrisation and where, in the sec-
ond equation, m = 8−n. Since all SO(8) indices are raised or lowered using
the unit matrix there is no need to distinguish between upper and lower
indices.
The action which gives the desired equations of motion is
S =
∫
d2xd8θVα˙(−8)Pα˙ (8)
The Lagrangian has Lorentz weight −8 to compensate the Lorentz weight
of the superspace measure. The action is invariant under the local gauge
transformations
δVα˙(−8) = (γijk)α˙αDα+Λijk(−9) (9)
In order to couple the above system to background (8,0) supergravity we
briefly review the latter. We now have a general (2|8) real supermanifold
M with local coordinates zM = (xm, θµ). The structure group of M is
taken to be SO(1, 1)×SO(8) and a set of preferred frames denoted by EA =
(Ea, Eα+) = (E++, E−−, Eα+) = EA
M∂M . The connection form is ΓA
B,
where
Γα+
β+ = Bα
β + δα
βC
Γ++
++ = 2C
Γ−−
−− = −2C
(10)
are its non-vanishing components with B and C being the SO(8) and SO(1, 1)
parts respectively. The torsion and curvature two-forms are
TA = dEA + EBΓB
A
RA
B = dΓA
B + ΓA
CΓC
B (11)
where
Rα+
β+ = Gα
β + δα
βH
R++
++ = 2H
R−−
−− = −2H
(12)
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where G and H are the SO(8) and SO(1, 1) curvatures. The components of
the torsion tensor are constrained to satisfy
T++ = iEα+ ∧ Eα+; T−− = 0 (13)
T α+ = E−− ∧ E++Ψα− (14)
where EA = (E++, E−−, Eα+) = dzMEM
A are the basis one-forms dual to
the preferred frames. The components of the curvature tensor are given by
Hα+β+ = 0
Hα+,++ = 0
Hα+,−− = iΨα−
H++,−− =
1
8
∇α+Ψα−
(15)
and
Gα+β+,γδ = 0
Gα+,++,γδ = 0
Gα+,−−,γδ = −χαγδ− + 2iδα[γΨδ]−
G++,−−,γδ = ∇[γ+Ψδ−]
(16)
In the above ∇A denotes the covariant derivative with respect to the SO(8)×
SO(1, 1) structure group. The geometry is thus described by two fermionic
superfields χ and Ψ, the former being totally antisymmetric on its SO(8)
indices. These superfields are themselves constrained to satisfy
∇{α+Ψβ}− = 0 (17)
and
∇α+χβγδ = ∇[α+χβγδ]− − 6iδα[β∇γ+Ψδ]− (18)
where the braces denote traceless symmetrisation.
The constraints are invariant under super-Weyl transformations, i.e. local
rescalings of the frames; in terms of
XA
B = EA
MδEM
A (19)
and
ΦA,B
C = EA
MδΓM,A
B (20)
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the non-trivial super-Weyl transformations are given by
Xα+
β+ = δα
βS X++
++ = X−−
−− = 2S
X++
α+ = −2i∇α+S X−−
α+ = 0
Φα+ = ∇α+S Φα+,βγ = 4δα[β∇γ]+S + Σαβγ+
Φ++ = ∇++S Φ−− = −∇−−S
Φ++,βγ = −2i∇αβ++S Φ−−,βγ = 0
(21)
where S is a scalar superfield parameter and Σαβγ+ is totally antisymmetric.
These parameters are constrained by
∇α+Σβγδ+ = ∇[α+Σβγδ]+ + 6δα[β∇γδ]++S (22)
Note the similarity between this equation and equation (18) above. In fact
equation (22) can be solved by
Σαβγ+ = −2i∇αβγ(+3)T−− + σαβγ+ (23)
S = ∇++T−− (24)
where σ satisfies
∇++σαβγ+ = 0 (25)
as well as
∇α+σβγδ+ = ∇[α+σβγδ]+ (26)
One can then write Φα+,βγ in the form
Φα+,βγ = ∇α+Lβγ + σαβγ+ (27)
where
Lαβ = −2i∇αβ++T−− (28)
The component count for the parameters S and Σ therefore corresponds to
an unconstrained scalar superfield together with the superfield σ, and this
exactly matches the component count of the degrees of freedom present in
the supergravity fields Ψ and χ. Thus M is locally superconformally flat. In
particular, the parameter σ can be used to eliminate the Ψ-independent part
of the solution for χ to equation (18), and we shall henceforth suppose that
this has been done.
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The coupling of the chiral fermion multiplet to (8, 0) supergravity is al-
most trivial, at least as regards reparametrisations and SO(1, 1) × SO(8).
The constraint (2) is simply made covariant:
∇α+ψi− = (γi)αα˙Pα˙ (29)
Note that the i index of ψ is acted on by the local SO(8) group in the vec-
tor representation. This constraint is easily verified to be consistent with
the supergravity constraints; indeed, the algebra of the left covariant deriva-
tives (∇α+,∇++) is unchanged from the flat case. Since these are the only
derivatives which occur in the solution, it immedately follows that flat space
solution, equation 5, can be immediately generalised to the curved case pro-
vided that one replaces the ordinary derivatives in the differential operator
(6) by covariant derivatives. The action is
S =
∫
d2xd8θEVα˙(−8)Pα˙ (30)
where E is the superdeterminant of the supervielbein EM
A. It is manifestly
invariant under worldsheet superdiffeomorphisms and local SO(1, 1)×SO(8)
transformations. It is also invariant under chiral multiplet gauge transfor-
mations (with ∇’s) and under super-Weyl transformations which act on the
chiral multiplet by
δVα˙(−8) = (− 8S + 4T−−∇++ + 2i∇α+T−−∇α+)Vα˙(−8) + Lα˙β˙Vβ˙(−8) (31)
From this one can compute the super-Weyl variation of ψ itself to be
δψi− = −Sψi− + Lijψj− − 2i(γi)αα˙∇α+T−−Pα˙ + 4T−−∇++ψi− (32)
while for P one finds
δPα˙ = Lα˙β˙Pβ˙ + 2(γi)α˙α∇α+T−−∇++ψi− + 4T−−∇++Pα˙ (33)
where we have introduced
Lij =
1
4
(γij)αβLαβ
Lα˙β˙ =
1
4
(γij)α˙β˙Lij
(34)
with Lαβ given by (28). We note that equation (32) implies that the con-
straint (29) is conformally covariant, while (33) shows explicitly that the
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equation of motion P = 0 is invariant since it implies that ∇++ψ = 0 as
well.
In the string context one requires 32 chiral fermions, and therefore four of
the above multiplets. We combine them in a superfield ψri− where the index
r runs from 1 to 4. This index can be associated with a Yang-Mills group
on the target superspace M , but this group appears to be restricted to be at
most SO(4). The constraint now reads
∇ˆα+ψ
r
i− = (γi)αα˙P
r
α˙ (35)
where
∇ˆA = ∇A + AA (36)
with A being the pull-back onto the world-sheet of the target space Yang-
Mills field,
AM = ∂Mz
MAM (37)
and where worldsheet indices are distinguished from target space indices by
underlining the latter. If we apply a second covariant derivative to ψ we now
find a constraint on the pull-back of the Yang-Mills field strength tensor F ;
it is
Fα+β+ =
1
8
δαβFγ+γ+ (38)
Since we wish to consider arbitrary embeddings, this implies a constraint on
the target space field strength tensor which is equivalent to the equations of
motion. Indeed, one can simplify matters further by using a conventional
constraint on the target space so that Fα+β+ = 0 on the world sheet. Given
this, we find that (∇ˆα+, ∇ˆ++) obey the same algebra as the flat derivatives
and so we can simply repeat the above construction of the action in this
modified case.
The above constraint on the target space gauge group is not surprising,
since similar restrictions occur for (2, 0) and (4, 0) world sheet supersymme-
tries. It may be that a way round this problem can be found; indeed, it is not
possible to couple E8 × E8 gauge fields in the NSR version of the heterotic
string [29] in a straightforward manner.
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